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N the United States, sorghum [Sorghum bicolor (L.) Moench] grown for silage or forage occupies an acreage less than one-tenth that of corn (Zea mays L.) planted for the same purposes (19) . This large difference in acreage may be due, in part, to reports that indicate a lower feeding value for forage sorghum silage than for corn silage (15) . The reasons for this lower feed value are not fully understood, but they probably involve relatively low intake, digestibility, and dry matter content, and relatively high cell wall content (5, 15) . Until the feeding value of forage sorghum can be improved, it will probably continue to be grown as now, primarilyon land that is marginally or poorly suited for growing corn because of limited rainfall or frequent periods of drought (11, 12) .
Knowledge about the inheritance of specific quality traits in forage sorghum is needed to permit the optimal development of breeding strategies for improving those traits. However, progress in inheritance studies is ' without additional land preparation. Immediately following planting, a mixture of propachlor (2-chloro-N-isopropyl-acetanilide) + atrazine [2-chloro-4-(ethylamino)-6-(isopropylamino)-s-triazine] at 3.75 + 1.25 kg a.i./ha was applied for weed control. Approximately 2.5 cm of water was applied with sprinklers from 6June to 8June 1979, and about 10.2 ern was applied similarly on 25 July 1980 due to extremely dry conditions. Plots were harvested from 24 to 27 Sept. 1979 and on 6 and 7 Oct. 1980. In 1980, a killing frost occurred 4 days prior to harvest. A 4.75-m section of the middle row of each plot was harvested and weighed to determine total plot yield. Heads were then cut from the stalks and weighed, and a random subsample was dried to constant weight at 60 C for dry matter determination. Five random stalks and five random heads were composited, passed through a small chopper, mixed thoroughly, and sampled for dry matter determination and laboratory analyses. Samples were dried to constant weight in a forced air oven at 60 C, ground in a Wiley' mill to pass a 1-mm screen and stored at room temperature in 32-ml vials.
The following traits were measured: Analyses of variance and genetic analyses followed the method described by Ross et al. (14) . Pertinent information from their description is repeated here. For the genetic analyses, the entry source of variation was partitioned into females, males, and females X males, and the entry X year interactions were partitioned into females X years, males X years, and females X males X years. Mean squares (MS) were equated to their expected values and solved for components estimating the variance among the fixed effects in the corresponding sources of variation. F-tests were made for females as MS/MS,y, for males as MSm/MSm y, for females X males as MS,jMS'my, and for females X males X years as MS'm/MS,.
Genetic ratios were estimated as follows:
dependent upon the availability of reasonably precise but relatively simple laboratory procedures for measuring the levels of quality traits in large plant populations. Fortunately, several procedures have been developed that can be used effectively in genetic and breeding studies. Crude protein (CP) is easily measured by the Kjeldahl procedure (10) , and digestibility can be estimated accurately as in vitro dry matter disappearance (IVDMD)with the twostage technique described by Tilley and Terry (18) . The detergent fractionation procedure described by Goering and Van Soest (7) involves the breakdown of forage material into cell solubles, neutral detergent fiber (NDF), acid detergent fiber (ADF), acid detergent lignin (ADL), and ash. These fractions have been shown to be related in various ways to digestibility and intake. The ADF and ADL fractions frequently are related to digestibility with the amount of lignin often limiting the extent of digestion.
Intake cannot be measured easily and accurately in the laboratory, but it appears to be most strongly associated with the cell wall fraction as measured by NDF (20, 21, 22). Ward et al. (24) also have shown that percent dry matter (DM) of forage sorghum silage is highly correlated with DM intake. Although many studies involving combining ability and heritability in grain sorghum have been done, few have been published on forage sorghum. Most forage sorghum combining ability studies have dealt with yield and its components (1, 3, 8, 9, 14, 17) . Published reports concerning the inheritance of quality traits in forage sorghum appear to be limited to CP and IVDMD (4, 9, 14) . No information concerning the inheritance of NDF, ADF, ADL, or ash was found. For most traits that have been studied in forage sorghum, general combining ability (GCA) was of greater importance than specific combining ability (SCA). However, SCA appeared to be of greater importance than GCA for CP (4, 14) .
The objectives of this study were to determine the extent of variation for yield and several quality traits in a group of 49 experimental forage sorghum hybrids and to estimate the relative proportion of the variation that was caused by genetic effects. In addition, the relative magnitude of GCA and SCA effects, as well as the relative contributions of the male and female parents to the GCA effects, were estimated. Seven male-sterile lines ('Redlan', 'N35', 'N38', 'N48', 'N4692', 'KS5', 'N5013") were each crossed to seven males 'Early Hegari-Sart' (El-I-Sart)", 'Early Hegari-White Sourless' (EH-WS)" 'Early Hegari-Rox' (EH-Rox)", 'N6229', 'Rox', 'White Collier' (WC), and 'H60-29" to produce 49 F, hybrids.
MATERIALS AND METHODS
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The 49 hybrids were grown in 1979 and 1980 in a randomized complete block design with three replications at the Univ. of Nebraska Field Laboratory, Mead. Plots consisted of three 9.14-m rows spaced 0.76 m apart with plants hand-thinned to a spacing of approximately 15 cm. An application of 112 kg N/ha was disked in prior to planting on 24 
RESULTS AND DISCUSSION
Significant differences among individual hybrid means were found for all traits. Presentation of all means is not feasible because of the large number of hybrids and traits involved. Therefore, only parental group means and overall means and ranges are shown (Table 1) . Several general trends are evident. Parental means for males usually had a wider range than those for females, probably because of inherent differences in the male and female parental germplasm used in these experiments. A comparison of parental means for various traits revealed relationships that characterized the apparent high or low quality of specific parents. For example, the means of hybrids involving the male parent, WC, were highest in IVDMD and lowest in NDF, ADF, and ADL. Thus the high IVDMD ofWC hybrids was apparently due, at least in part, to a high percentage of cell solubles (100 % -%NDF), and a low lignin content. On the other hand, the means of hybrids involving EH-Sart and N6229 as male parents were comparatively low in IVDMD and CP and high in NDF, ADF, and ADL. The low CP contents in these hybrids may be below the level required for optimal microbial action in the rumen fluid used in the IVDMD procedure and, therefore, may also contribute to the low IVDMD values observed.
Performance of individual hybrids provided information of interest to sorghum breeders. For example, one hybrid, N4692 X EH-Sart, was among the four top-yielding entries in both years. Most of the hybrids with the highest IVDMD values included the male parent, WC, as expected from the information presented on parental means. Four hybrids, N4692 X WC, KS5 X WC, N38 X WC, and N35 X WC were among the best entries, in terms of IVDMD, in both years. Hybrids combining superior yield and IVDMD were not the same in both years, but N4692 X WC had high IVDMD in both years, and high yield in 1979. Thus, N4692 probably contributes to high yield and WC to improved IVDMD. These parents appear to merit further consideration in forage sorghum breeding programs.
Mean squares are shown in Table 2 . Although a valid test of significance for the year (Y) mean squares cannot be made, it is apparent that these values are much greater than any of the other mean squares for all traits except DM. The F X Y interaction was significant for DM, and M X Y interactions were significant for all traits except IVDMD. The F X M X Y interactions were significant for DM and NDF.
The only traits for which significant differences were found among hybrid means for males, females, or for the F X M interaction were IVDMD for both males and females, DM and NDF for males, head yield and total yield for females, and ADF and head yield for the F X M interaction. The large number of nonsignificant findings for female and male traits are attributable to the magnitudes of the year interaction mean squares used in the denominators of the F-test. The significant differences in IVDMD for hybrids averaged over both males and females, plus the lack of any significant interactions with years, indicated that IVDMD was the most useful trait for the improvement of forage quality by breeding among those included in this study.
Genotypic components and genetic ratios for these traits are presented in Table 3 . Values of (Pm were generally higher than for 02 f or 0\". High 0~/02pf and0 2,j02 p values indicated that GCA effects were of more importance than SCA effects for these traits.
Simple correlation coefficients between various pairs of traits revealed many statistically significant values, but many values were so low as to be of little predictive importance. Some of the highest values were the negative relationships ofIVDMD with NDF (-0.58), ADF (-0.50), and ADL (-0.45). These correlations support the relationships described above for hybrid means averaged over the male parents, WC, EH-Sart, and N6229. Relatively high correlation coefficients were observed between NDF and ADF (0.79) and ADF and ADL (0.72). Correlation coefficients of similar magnitude were calculated for these two relationships from data previously presented by Van Soest and Moore (23) . These high values are not surprising in view of the sequential procedures for determining NDF, ADF, and ADL.
Data obtained in these studies show the feasibility of improving quality traits in forage sorghum by breeding. For several quality traits GCA was most important. Progress would be optimized by emphasizing the improve- ment of IVDMD, a trait with high eCA effects that had significant differences among hybrids averaged over both males and females and no significant interactions with years. Higher IVDMD was explainable, at least in part, by lower values for NDF, ADF, and ADL, but in this study statistical analyses failed to provide any justification for using the latter traits in a practical breeding program. However, in maize, genetic differences in IVDMD were highly correlated to stover NDF (6). Burton (2), working with bermudagrass [Cynodon dactylon (L.) Pers.], reported gains in IVDMD by breeding and found that animal gains in pasture trials exceeded the percentage increase in IVDMD. As this example so clearly shows, putative improvement in forage quality based on laboratory procedures must be verified (or refuted) by actual measurements of animal performance.
